Background: Melanoma of unknown primary (MUP) is an uncommon clinical subtype of melanoma of known primary (MKP). Objectives: We aimed to compare treatment outcomes of MUP and MKP patients who had undergone therapy with immune checkpoint inhibitors (ICPI). Methods: We studied 41 metastatic melanoma patients (32 with MKP and 9 with MUP) with an indication for ICPI. Results: Clinical characteristics such as age, gender, stage of disease, etc., did not significantly differ (P < .05) between MUP and MKP patients. 20/32 (62.5%) melanoma-specific deaths (MSD) were observed in the MKP group, whereas 2/9 (22.2%) were detected in the MUP group (P = .035). On logistic regression, the MUP status proved to be an independent predictor for a more favorable outcome under immunotherapy when compared to MKP (P = .030). Conclusion: Our preliminary results indicate that MUP patients show better clinical outcome under ICPI when compared to MKP.
Introduction
Melanoma accounts for about three-quarters of skin-cancerrelated mortality as indicated by its ability to metastasize very early. 1, 2 Once melanoma has spread into the lymph nodes, or even visceral organs and the brain, it remains a life-threatening disease despite the advent of molecular targeted or immunotherapies. 1, 2 Melanoma of unknown primary (MUP) [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] represents an unusual subtype of melanoma which was reported to be about 2-9% of melanoma of known primary (MKP) at all stages. 3 Some of the literature in the different geographic regions demonstrated better overall survival of MUP than of MKP. 15 Other publications, however, reported an equal or even worse clinical outcome for patients with MUP when compared to MKP with comparable stage of disease. [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] Hence, the prognosis of patients with MUP compared to MKP patients is still unclear and likely depends on the clinical scenario investigated. A 5-year overall survival rate of MUP before the era of the immune checkpoint inhibitor was reported to range from 8% to 18% with the most common metastatic sites in lymph nodes and gastrointestinal tract. 15 Many hypotheses were documented in relation to the etiology of MUP. Accordingly, the occurrence of MUP may be due to immune-mediated total regression of the primary tumor; alternatively, in MUP patients, melanoma may not be metastatic but may originate de-novo from nevus cell aggregates in lymph nodes, for example. 15 If immune-mediated mechanisms really can result in the development of MUP, immunotherapies might be a reasonable approach for patients with this uncommon melanoma subtype. Immune checkpoint (ICP) modulating agents such as the cytotoxic T-lymphocyte-associate protein 4 (CTLA-4) blocker ipilimumab and the programmed death 1 (PD-1) blocking antibodies nivolumab and pembrolizumab, turned out to be effective in the treatment of stage IV and as well stage III melanoma. 1, 5 However, there is a lack of data regarding the efficacy of ICP inhibitors (ICPI) in patients with MUP. In the present pilot study we aimed to assess whether MUP patients have better outcomes under ICPI than patients with MKP.
Methods

Patients
This study was performed at the Skin Cancer Center of the Ruhr-University Bochum (Bochum, Germany) after having been approved by the local ethics review board of the Ruhr-University Bochum. We searched our databases for patients with metastatic MUP and MKP who underwent immunotherapy between the year 2014 to 2018 including mono-pembrolizumab, mono-nivolumab and nivolumab plus ipilimumab. We only included patients with sufficient follow-up data receiving at least three cycles of immunotherapy. The initial diagnosis of MUP was made based on the patient's history and clinical signs consistent with metastatic disease, along with histopathology of a tissue specimen that confirmed the presence of malignant melanocytes, such as biopsy of a lymph node or needle core biopsy of a solid organ metastasis. The histological features of MUP on a tissue specimen included: Positive melanocytic immunohistochemical markers, such as S100B, Melan-A/MART, and/or HMB-45. In all cases, an initial complete work-up was performed including imaging staging with computed tomography (CT) of the chest, abdomen and pelvis, cranial magnetic resonance imaging, and in some cases PET-CT imaging as well. According to Dasgupta et al. 18 , the following exclusion criteria for MUP diagnosis were applied: 1) evidence of previous orbital exenteration or enucleation; 2) evidence of previous skin excision, electrodessication, cauterization or other surgical manipulation of a mole, freckle, birthmark, paronychia or skin blemish; 3) evidence of metastatic melanoma in a draining lymph node with a scar in the area of skin supplying that lymph node basin; 4) lack of a non-thorough physical examination, including the absence of an ophthalmologic, anal and genital examination. 18 Treatment and monitoring Ipilimumab plus nivolumab, mono-nivolumab, and monopembrolizumab treatments were routinely carried out in-label. 1, 2 Due to the high toxicity, ipilimumab plus nivolumab therapy was predominantly prescribed in younger patients with very good performance status. Data were collected with respect to patient characteristics [sex, age, disease stage, medication, adverse events (AEs), etc.] and pre-treatment lab investigations including BRAF mutation analysis (cobas® 4800 BRAF V600 Mutation Test, Roche, Grenzach-Whylen, Germany). Blood parameters such as neutrophils, lymphocytes, S100B and lactate dehydrogenase (LDH) were routinely measured. Complete work-up was regularly performed including lymph node ultrasound, thoracic and abdominal computed tomography, and cranial magnetic resonance tomography. 19 Before and during immunotherapy the patients were clinically monitored as recommended by Kähler and coauthors. 20 Imaging methods were routinely performed every three months.
Statistics
Data analysis was performed using the statistical package MedCalc Software (Ostende, Belgium). Distribution of data was assessed by the D`Agostino-Pearson test. Non-normally distributed data were expressed as medians and range, normally distributed as mean±SD. Data were analyzed using the independent t-test, Mann-Whitney test, Chi 2 or Fisher exact test, and Kaplan-Meier curves including the log-rank test (univariable testing). Moreover, multivariable logistic regression analysis was generated including variables that were significantly associated with melanoma-specific death (MSD). The latter was defined by the time in months from the first immunotherapy dose to the clinical event. Survival curves were calculated from the time of diagnosis of primary melanoma and considered censored for non-melanomarelated deaths and unavailable data. P-values of <0.05 were considered significant.
Results
Almost all patients started and continued ICPI therapy with nivolumab (in part in combination with ipilimumab) or pembrolizumab (Table 1) , except for two patients starting with 4 cycles ipilimumab following during the course of disease with over 25 and 24 cycles of pembrolizumab monotherapy, respectively. Moreover, one patient with MUP had 7 cycles of nivolumab followed by 1 cycle ipilimumab which was discontinued because of recalcitrant diarrhea.
Melanoma sub-stages of MUP and MKP patients at the time of immunotherapy initiation did not substantially differ ( Table 1) . Almost all patients in both groups received immunotherapy as first-line treatment. As also shown in Table 1 , clinical data such as age, gender, blood parameters (LDH, S100B, neutrophils, lymphocytes, etc.), BRAF mutation status, immunotherapy cycles, and adverse events did not statistically significantly differ (P < .05) between MUP and MKP patients. No drug-related deaths were observed. The median follow-up was 24 months (3-54 months) for MUP patients and 12.5 Table 1 . Overview of tumor characteristics and clinical outcome of patients with melanoma of known primary (MKP) and melanoma of unknown primary (MUP) who underwent systemic immunotherapy with immune checkpoint inhibitors (ICPI).
Parameters
Patients (3-42) months for MKP patients (P = .27). Total median follow-up was 13 (3-54) months. Immunotherapy response and/or stable disease were observed in 13/32 (40.6%) MKP patients when compared to 7/9 (77.8%) patients with MUP. However, the difference between the aforementioned proportions reached only a trend for statistical significance as indicated by a P-value of 0.052. As demonstrated in Table 1 , 20/32 (62.5%) MSD were observed in the MKP group, whereas 2/9 (22.2%) were detected in the MUP group. Univariable statistics revealed that significantly less MSD were observed in MUP patients when compared to MKP patients (P = .035). Apart from the MKP status MSD was also significantly associated with elevated LDH (P = .030) and S100B (P = .018). The latter parameters were included in multivariable analysis using logistic regression. The MUP status proved to be a significant independent predictor for more favorable melanoma-specific survival under immunotherapy when compared to MKP patients (P = .030), whereas elevated S100B was a significant independent predictor for MSD (P = .032). Accordingly, Kaplan-Meier curves in Figure 1 demonstrate a significantly better outcome for MUP patients with respect to MSD as indicated by a hazard ratio of 0.29 (95% CI 0.11 to 0.75; log rank test, P = .011).
Discussion
MUP may have a different biology to MKP, but clinical trials of novel therapies, including ICPI or BRAF/MEK inhibitors, have not reported the outcomes in this population separately. 16 Utter et al. 6 recently searched the New York University (NYU)'s prospective melanoma database for MUP patients treated with systemic therapy. Moreover, they searched PubMed and Google Scholar for MUP patients treated with immunotherapy or targeted therapy reported in the literature, and their response and survival data were compared to the MUP patient data from NYU. 6 Both groups' response data were finally compared to those reported for MKP. All in all, 23 NYU MUP patients received immunotherapy, including 19 patients with ipilimumab only, 1 patient with ipilimumab and nivolumab combination treatment, 2 with pembrolizumab monotherapy, and 1 with pembrolizumab followed by ipilimumab. 6 The follow-up time for these patients ranged from 1 to 96 months. Three papers taken from the literature reported sufficient data on a total of 24 MUP patients treated with immunotherapy. 6 Of the 24 MUP patients identified, 13 (54%) were enrolled in a phase II clinical trial assessing the efficacy of ipilimumab in pre-treated stage IV patients, 10 patients (42%) were enrolled in the ipilimumab expanded access program, and 1 patient (4%) (L-I24) was featured in a case report. Utter et al. 6 reported that both the NYU MUP patients and those MUP patients described in the literature had a worse outcome on immunotherapy when compared to the general melanoma distribution treated with immunotherapy in clinical trials. 6 Similarly, Verver et al. 16 evaluated data for stage III or IV MUP patients extracted from a nationwide database for the period 2003-2016. They divided the population into pre-(2003-2010) and post-(2011-2016) novel therapy eras. 16 In total, 2028/65.110 (3.1%) patients were diagnosed with MUP. Metastatic sites were known in 1919 of 2028 patients, and most had stage IV disease (53.8%). 16 For patients with stage III MUP, the 5-year overall survival rates did not significantly differ between the pre-and post-novel eras (P = .95). 16 For those with stage IV MUP, the median overall survival times were unchanged in the pre-novel era and post-novel era when novel treatments were not employed. 16 Notably, overall survival significantly (P < .001) improved to 11 months when novel treatments (e.g., ICPI) were used in the post-novel era. Though Verver et al. 16 did not systematically evaluated outcome differences between MKP and MUP, they observed an improved clinically outcome for MUP patients treated with novel therapies including immunotherapy. Since MUP and Figure 1 . Kaplan-Meier curves for 3-year melanoma-specific death in patients with melanoma of unknown primary (MUP) and melanoma with known primary MKP) who underwent treatment with immune checkpoint inhibitors. Log-rank test was statistically significant (P = .0112) with a hazard ratio for MUP patients of 0.29 (95% confidence interval of 0.11 to 0.75).
MKP have similarly high mutational tumor loads immunotherapies should be an effective treatment option for MUP patients as well. 4, 12 In the present study, we have demonstrated that MUP patients in stage IV treated with ICPI experienced significantly less MSD when compared to stage IV or unresectable stage III MKP patients. Due to the small sample size, we likely observed only a statistical trend for better response to ICPI treatment in patients with MUP as compared to patients with MKP. With regard to potentially important clinical outcome parameters, including age, gender, BRAF mutation status, treatment cycles, and adverse events, we did not observe significant differences between MKP and MUP patients, except for the relatively unbalanced use of immunotherapy combination in the MKP and MUP populations. Because of the higher toxicities frequently observed in combination immunotherapy we predominantly used ipilimumab plus nivolumab in younger patients with excellent performance status. Crucial differences between both groups with respect to the metastatic load are unlikely given the indifferent N-and M-sub-stages, LDH, and S100B levels in MUP and MKP patients evaluated in the present study. Moreover, recently established biomarkers, including baseline neutrophil/lymphocyte ratio, were not significantly different in our MKP and MUP patients. 21, 22 Hence, the observed survival advantage observed for MUP patients under ICPI therapy was unlikely due to a disbalance in risk profiles of the two patient populations analyzed. An immune-mediated primary regression in MUP as previously discussed may indicate a higher immune competence with enhanced immune responses against tumor cells in MUP patients. As reported by Scott et al. 5 regressing melanomas are characterized by increased numbers of tumorinfiltrating lymphocytes, which also confer a favorable prognosis. Immune responses to melanoma-associated antigens are also mediated through cytotoxic T-lymphocytes. 5 In addition, Scott et al. 5 reported that there is a high prevalence of melanoma-specific antibodies in the serum of MUP patients, and various humoral immune mechanisms, including antibody attachment to cell membranes, cytotoxicity, and tumor destruction, have all been described with cultured melanoma cells. 5 Possibly, MUP patients may be excellent candidates for ICPI therapies due to enhanced capabilities to orchestrate anti-tumor immune responses under ICPI treatment.
One may argue, however, that the better outcome observed in MUP patients was based on an anyway more favorable survival of MUP patients when compared MKP patients. Indeed, as already mentioned in the introduction section the literature in this regard is controversial as also reflected by the aforementioned results reported by Utter et al. 6 and Verver et al. 6, 16 Prior to the start of ICIT, all of our MUP patients were at stage IV disease requiring systemic therapy. Scott et al., 8 recently reported that the incidence of stage IV MUP is increasing. Whereas the relative survival was higher for MUP, the 5-year adjusted melanoma-specific survival was equal for MUP and MKP. Schlagenhauff et al. 23 also showed that the course of disease of MUP is similar to that of MKP. With respect to stage III disease, Hughes et al. 14 demonstrated that patients who underwent lymphadenectomy for stage III melanomas of the known or unknown primary site do not differ in the outcome. However, other authors previously reported on a better outcome for MUP compared to MKP. 11, 15, 24, 25 In conclusion, the results of the present pilot study with inherent limitations such as low numbers of included patients are just preliminary but highly suggestive that MUP patients have less risk for MSD on ICPI therapy. However, this needs confirmation in prospective studies including large sample sizes.
